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(54) PLANE MULTIPLEX ANTENNA AND PORTABLE TERMINAL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a compact broadband 
plane multiplex antenna operable in at least two frequency 
bands, and to provide a portable terminal. 
SOLUTION: The plane multiplex antenna comprises: a tabular 
radiation conductor 3 having a slit 2 composed of a U-shaped 
slit 2a and an open slit 2b opening a part of the slit 2a and at p ^^m 
least two resonance frequencies; and feeder lines 4a, 4b for 
feeding the radiation conductor 3. The U-shaped slit 2a and 
the open slit 2b have widths determined according to the band, 
this allowing the first and the second resonance frequencies to 
be set over a broad band, and enabling the miniaturization. 
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JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 

[Claim(s)] 

[Claim 1]A monotonous multiplex antenna comprising: 

A plate-like radiation conductor which a slit to which an end was opened wide is formed while having 
different width according to a zone, and has at least two resonance frequency. 
An electric supply line which supplies electric power to said radiation conductor. 

[Claim 2]The monotonous multiplex antenna according to claim 1, wherein said radiation conductor is 
formed on a supporter which consists of dielectric materials. 
[Claim 3]A monotonous multiplex antenna comprising: 

A plate-like radiation conductor which an open slit which opens a part of U character-like slit and said 

U character-like slit is formed, and has at least two resonance frequency. 

An electric supply line which supplies electric power to said radiation conductor. 

[Claim 4]The monotonous multiplex antenna according to claim 3, wherein width of each portion of said 
U character-like slit and said open slit has the width according to a zone. 

[Claim 5]The monotonous multiplex antenna according to claim 3 making the length of one of said slit 
part into 0.8 to 1.2 times of the length of said slit part of another side among slit parts of a parallel 
couple which constitutes said U character-like slit of said radiation conductor. 

[Claim 6]The monotonous multiplex antenna according to claim 3 making width of said slit part of said 
open slit and an opposite hand into twice [ 0.9 to ] width of said slit part of another side among slit 
parts of a parallel couple which constitutes said U character-like slit of said radiation conductor. 
[Claim 7]Said U character-like slit of said radiation conductor among slit parts of a parallel couple to 
constitute the length of one of said slit part. The monotonous multiplex antenna according to claim 3 
having carried out by 0.8 to 1.2 times the length of said slit part of another side, and making width of 
said slit part of said open slit and an opposite hand into twice [ 0.9 to ] width of said slit part of another 
side among slit parts of said couple. 

[Claim 8]The monotonous multiplex antenna according to claim 3 making width of said open slit and 
said radiation conductor portion of an opposite hand into 1.0 to 2.0 times of width of said radiation 
conductor portion of another side among radiation conductor portions of a couple of the outside of a 
slit part of a parallel couple which constitutes said U characteMike slit of said radiation conductor. 
[Claim 9]The monotonous multiplex antenna according to claim 3, wherein said radiation conductor is 
formed on a supporter which consists of dielectric materials. 

[Claim 10]The monotonous multiplex antenna according to claim 3, wherein resonance frequency by 
the side of low-pass is mainly adjusted with the length of an outer edge of said radiation conductor 
between said at least two resonance frequency and resonance frequency by the side of a high region is 
mainly adjusted with the length of an outer edge of said U character^like slit. 

[Claim 1 1]In a personal digital assistant which it has, a monotonous multiplex antenna which has at 
least two resonance frequency built in a main part said monotonous multiplex antenna, A personal 
digital assistant provided with a plate-like radiation conductor with which a slit to which an end was 
wide opened while having different width according to a zone was formed, and an electric supply line 
which supplies electric power to said radiation conductor. 

[Claim 12]In a personal digital assistant which it has, a monotonous multiplex antenna which has at 
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least two resonance frequency built in a main part said monotonous multiplex antenna, A personal 
digital assistant provided with a plate-like radiation conductor with which an open slit which opens a 
part of U character-like slit and said U character-like slit was formed, and an electric supply line which 
supplies electric power to said radiation conductor. 

[Translation done.] 
* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention with at least two frequency bands The monotonous multiplex 
antenna which can operate, And about personal digital assistants, such as a cellular phone (PHS ****), 
a mobile wireless machine, and a note type personal computer, it is small, and a zone is large and is 
especially related with the monotonous multiplex antenna and personal digital assistant which can 
operate with at least two frequency bands. 
[0002] 

[Description of the Prior Art]In recent years, in the cellular phone, what can operate is put in practical 
use with two frequency bands with communicative advanced features. 

[0003]Drawin^ 12 shows the conventional antenna used for the cellular phone. The radiation conductor 
52 which this antenna 50 consists of the open slit part 51b which opens the J character-like slit part 
51a and this part, and has the slit 51 with constant slit width. It has the dielectric 53 arranged at the 
whole rear face of the radiation conductor 52, and the electric supply lines 54a and 54b which supply 
electric power to the radiation conductor 52. 
[0004] 

[Problem to be solved by the invention]However, since according to the conventional antenna the 
resonance point would move to the higher one or a zone would become low depending on the place to 
extend although it spreads if slit width is expanded, since adjustment of the zone was almost next to 
impossible, it fixed slit width and was adjusting the antenna characteristic by the length of the slit. For 
this reason, the limit was to make a zone large. On the other hand, if size (volume) of an antenna is 
enlarged, a zone will spread, but an antenna is enlarged and it becomes difficult to accept the request 
of a miniaturization. 

[0005]Therefore, the purpose of this invention is small, and its zone is large, and there is in providing 
the monotonous multiplex antenna and personal digital assistant which can operate with at least two 
frequency bands. 
[0006] 

[Means for solving problemjThe monotonous multiplex antenna this invention is characterized by that 
comprises the following. 

The plate-like radiation conductor which the slit to which the end was opened wide is formed while 
having different width according to a zone, in order to attain the above-mentioned purpose, and has at 
least two resonance frequency. 
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The electric supply line which supplies electric power to said radiation conductor. 

[0007]The plate characterized by ** this invention is characterized by that comprises the following. 
The plate which the open slit which opens a part of U character^like slit and said U character-like slit 
is formed, and has at least two resonance frequency in order that] this invention may attain the above- 
mentioned purpose. 

Electric power is supplied to a radiation conductor and said radiation conductor. 

[0008]With the feature, it is characterized by comprising the following in this invention:] This invention 
is ** about the monotonous multiplex antenna which has at least two resonance frequency built in the 
main part in order to attain the above-mentioned purpose. 

The plate with which the slit to which the end was wide opened while said monotonous multiplex 
antenna had different width according to a zone in the end was formed. 
Electric power is supplied to a radiation conductor and said radiation conductor. 

[0009]With the feature, it is characterized by comprising the following in this invention:] This invention 
is ** about the monotonous multiplex antenna which has at least two resonance frequency built in the 
main part in order to attain the above-mentioned purpose. 

The plate with which the open slit to which said monotonous multiplex antenna opens a part of U 
character-like slit and said U character-like slit was formed in the end. 
Electric power is supplied to a radiation conductor and said radiation conductor. 

[0010] 

[Mode for carrying out the invention]Prgwjng j shows the monotonous multiplex antenna concerning a 
1st embodiment of this invention. This monotonous multiplex antenna 1 is provided with the following. 
The conductor plate 5 which consists of the electric supply lines 4a and 4b of the couple which the slit 
2 to which the end was opened wide was formed, and was formed by extending from the plate-like 
radiation conductor 3 which has 1st [ at least ] resonance frequency f^ and 2nd resonance frequency 

fg (f^<f2), and the radiation conductor 3. 

The supporter 6 holding the conductor plate 5. 

[001 1]The slit 2 consists of open slit part 2b which opens the U character-like slit part 2a which 
consists of the 1st slit part 2^^ of a parallel couple and the 2nd slit part 2 ^"^^1 the 3rd slit part 2^^, 

and a part of U character-like slit part 2a. The angle of the U characteMike slit part 2a may be round, 
and the 1st, 2nd, and 3rd slit part 2^1 , 2^2- and 2 may be curving. Open slit part 2b may be aslant 

formed to 2nd slit part 2^2- and may be curving. 

[0012]The length of b and 1st slit part 2^^ for a and width c, [ the length of the longitudinal direction of 
the radiation conductor 3 ] The width of d and 3rd slit part 2^^ for the length of 2nd slit part 2^2 The 
width of radiation conductor 3 portion of the outside of e and 3rd slit part 2^^ for (c-f) g. Width of 
radiation conductor 3 portion of the outside of j and 2nd slit part 2^2 t the width of 1st slit part 

2g-j / the width of h and 2nd slit part 2^2 ] to k for the width of radiation conductor 3 portion of the 
outside of i and 1st slit part 2^^. The radiation conductor 3 may be curved or bent according to the 
form of the equipment to mount, although formed in the same plane. 

[0013]The electric supply line 4b of another side is used as an earthing conductor among the electric 
supply lines 4a and 4b of a couple, using one electric supply line 4a as an electric supply line. Reverse 
may be sufficient as the position of an electric supply line and an earthing conductor. 
[0014]In order that the conductor plate 5 may consist of copper, phosphor bronze, etc. and may 
prevent corrosion, it performs plating processing of nickel, gold, etc. The conductor plate 5 is arranged 
by methods, such as adhesion, insertion, and non-electric-field plating, on the supporter 6. In the case 
of the method by non-electric-field plating, after plating copper, phosphor bronze, etc., in order to 
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prevent corrosion, plating processing of nickel, gold, etc. is performed. 

[0015]The supporter 6 has the almost same size (axb) as the radiation conductor 3, and the thickness 
according to a zone, is lightweight and excellent in heat resistance, its dielectric material with little 
dielectric loss can be preferred, for example, ABS, ABS-PC, etc. can be used for it If the material of 
the supporter 6 is not limited to these but can hold the form of the conductor plate 5, other materials 
may be sufficient as it. 

[001 6]DmwJil^lJLshows the simulation result of the electromagnetic field in the monotonous multiplex 
antenna of a 1st embodiment, and, in the case of the 1st resonance frequency, (b) of (a) is a case of 
the 2nd resonance frequency. Since the electromagnetic field 7 of the 1st resonance frequency show 
the big value by the outer edge of the radiation conductor 3 as shown in the figure (a), the 1st 
resonance frequency is decided that the length of the outer edge of the radiation conductor 3, i.e., the 
length shown in dmwj.n£,,l, (c+b+d+2g) will mainly be 1/4 wave of odd times outline. Since the 
electromagnetic field 7 of the 2nd resonance frequency show the big value by the outer edge of the slit 
2 as shown in the figure (b), the 2nd resonance frequency is decided that the length of the outer edge 
of the slit 2, i.e., the length shown in dra\Otii:Li_L (c+b+d-j-k) mainly serves as an integral multiple of 1/2 
wave of outline. The 1st and 2nd resonance frequency changes with positions of the electric supply 
lines 4a and 4b, dielectric constants of the supporter 6, etc. other than these. 
[001 7] Drawing 3 shows the relation between proportion c/d and a fractional bandwidth. As for 
proportion c/d, 0.8-1.15 from which not less than 7.5% of fractional bandwidth is obtained are desirable, 
and since not less than 9% of fractional bandwidth is obtained, 0.95-1.05 are more desirable [ c/d ] so 
that clearly from the figure. In particular, the 1st resonance frequency f-j and the 2nd resonance 

frequency fg show the highest value at the time of c=d. 

[0018]DrBvving;:j4 sh the relation between proportion h/i and a fractional bandwidth. As for 
proportion h/i, 1.0-2.0 from which not less than 9% of fractional bandwidth is obtained are desirable so 
that clearly from the figure. The relation of measurement expresses in the figure to 1.2. 
[001 9 ]DrawkM 5 shows the relation between proportion j/k and a fractional bandwidth. As for 
proportion j/k, 1.0-2.0 from which not less than 9% of fractional bandwidth is obtained are desirable so 
that clearly from the figure. The relation of measurement expresses in the figure to 1.2. 
[0020]Drawln|^^6_shows the relation between proportion e/Ce-HO and a gain. As for proportion e/(e+f), 
0.8-1.0 from which -1.0 or more gains are acquired are desirable so that clearly from the figure. 
[0021]Dnawi[iiLZ„shows the relation between VSWR (voltage low **** ratio) and frequency. The above- 
mentioned VSWR is a thing when the size of each part of the radiation conductor 3 is made into the 
following values. 

0.2 mm in thickness, a= 40.0 mm, b= 18.0 mm, c= 23.0 mm, d= 23.0 mm, e= 18.5 mm, f= 4.5 mm, g= 3.0 

mm, h = each proportion at this time is as follows k= 4.0 mm j= 4.5 mm i= 1.5 mm 2.5 mm. 

the [ c/d=1.0, h/i=1.67, j/k=1.125, and / e/(e+f) =0.80 ] — resonance frequency f-j of one. As for 920 

MHz and 2nd resonance frequency fg, 1795 MHz was obtained, and, as for 90 MHz and 2nd resonance 

frequency fg, as for 1st resonance frequency f^, 170 MHz was obtained [ bandwidth in case VSWR is 2 

]. 

[0022]Since width of the U character-like slit part 2a and each part of open slit part 2b was made into 
the width according to a zone according to this 1st embodiment, A miniaturization can be attained, 
while both being able to make about 1.2 conventional times and zone large for the 1st and 2nd 
resonance frequency and being able to aim at improvement in communication sensitivity. 
[0023lDrawing 8 (a) and (b) shows other modifications of the electric supply lines 4a and 4b. The figure 
shows the state where the electric supply lines 4a and 4b were developed. The electric supply lines 4a 
and 4b may be made into the position shown in the figure (a), and may be made into the position shown 
in the figure (b). The position and reverse which are shown with the object for electric supply lines and 
the object for earthing conductors in the figure may be sufficient. The position of the electric supply 
lines 4a and 4b may be provided in radiation conductor 3 portion of the outside of 1st slit part 2^^ 

shown in drawing 1 . or the outside of 3rd slit part 2^^. 

[0024 ]Drawjn^.9.. shows the monotonous multiplex antenna concerning a 2nd embodiment of this 
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invention. This monotonous multiplex antenna 1 shifts the position of open slit part 2b to a 3rd slit part 
side to a 1st embodiment, and establishes the position of the electric supply lines 4a and 4b near 

the open slit 2b. The size of each part differs from a 1st embodiment according to the position of open 
slit part 2b or the electric supply lines 4a and 4b. 

[0025] Dr:avvirLa t o shows the simulation result of the electromagnetic field in the monotonous multiplex 
antenna of a 2nd embodiment, and, in the case of the 1st resonance frequency, (b) of (a) is a case of 
the 2nd resonance frequency. As shown in the figure (a), the electromagnetic field 7 of the 1st 
resonance frequency show a big value by the outer edge of the radiation conductor 3, and as shown in 
the figure (b), as for the electromagnetic field 7 of the 2nd resonance frequency, they show the big 
value by the outer edge of the slit 2. Therefore, like a 1st embodiment, the 1st resonance frequency is 
mainly decided by the length of the outer edge of the radiation conductor 3, and the 2nd resonance 
frequency is mainly decided by the length of the outer edge of the slit 2. The 1st and 2nd resonance 
frequency changes with positions of the electric supply lines 4a and 4b, dielectric constants of the 
supporter 6, etc. other than these. 

[0026]According to this 2nd embodiment, 1828 MHz can be obtained, 902 MHz and 2nd resonance 
frequency fg can make a zone large for the 1st and 2nd resonance frequency both like a 1st 

embodiment, and 1st resonance frequency f^ can attain a miniaturization. 

[0027]Dxawii;i|LiL,shows the cellular phone as a personal digital assistant concerning a 3rd embodiment 
of this invention. Have this cellular phone 10 and the printed circuit board 1 1 in the surface of this 
printed circuit board 11. They are arranged by the liquid crystal display 12, the keyboard 13, the circuit 
element 14C, etc., and in the rear face of the printed circuit board 1 1. The circuit element 14A which 
constitutes a transmission and reception circuit, and this circuit element 14A The wrap shield cover 
15A, The display 12, the circuit element 14B which controls keyboard 13 grade, and this circuit 
element 14B The wrap shield cover 15B, Monotonous multiplex antenna 1 grade as shown in a 1st 
embodiment electrically connected to the battery 16 and the transmission and reception circuit is 
arranged, these parts are covered in the case 17, and the rear face of the case 17 is equipped with the 
battery cover 1 8. 

[0028]The electric supply line 4a for the electric supply lines of the monotonous multiplex antenna 1, It 
is connected to the antenna signal pad on the printed circuit board 1 1, and the electric supply line 4b 
for earthing conductors. It is connected to the gland pad on the printed circuit board 11, and the using 
frequency corresponding to one resonance frequency can choose now with a switch etc. between two 
resonance frequency (what is eventually determined by construction material, structure, etc. of the 
built-in position circumference) which the monotonous multiplex antenna 1 has. The conductor plate 5 
of the monotonous multiplex antenna 1 has the form curved or bent according to the setting space of 
the cellular phone 10, and has the form by which the supporter 6 also imitated the form of the 
conductor plate 5, and was curved or bent. The size of each part of the monotonous multiplex antenna 
1 considers the influence of the conductor part currently used for the dielectric constant and liquid 
crystal display 12 grade of material of the various kinds currently used for the case of the cellular 
phone 10, etc.. It is determined that the antenna 1 is set by two using frequency at the time of actually 
building, and the good excitation characteristic can obtain. 

[0029]Since the monotonous multiplex antenna 1 in which a zone is [ the 1st and 2nd resonance 
frequency both ] large is used according to this 3rd embodiment, it can slim down, as a result even 
when a setting space is the thin cellular phone 10, it can build easily. Since two using frequency can be 
chosen, improvement in a wireless communication function can be aimed at. The monotonous multiplex 
antenna 1 can be installed also in those personal digital assistants by considering it as the form 
according to the setting space of other personal digital assistants, such as a mobile wireless machine 
and a note type personal computer. 

[0030]This invention is not limited to each above-mentioned embodiment, but various embodiments 
are possible for it. For example, even if it is the slit part (J character^like slit part) that one slit part of 
the slit part of a parallel couple exceeds 1.2 times of the slit part of another side, a zone can be 
extended by making slit width of each part of a J character-like slit part and an open slit part into the 
width according to a zone. 
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[0031] 

[Effect of the InventionJSince the width of each part of the slit to which the end formed in the 
plate-like radiation conductor was opened wide is determined according to a zone according to this 
invention as explained above, It is small, a zone is large and the monotonous multiplex antenna which 
can operate with at least two frequency bands, and the personal digital assistant which contained it can 
be provided. 

[Translation done.] 
* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

IDr^wingJjAbout the monotonous multiplex antenna concerning a 1st embodiment of this invention, (a) 
is a top view and (b) is a perspective view. 

tPrawing 2jThe figure in which (a) shows the simulation result of the electromagnetic field of the 1st 
resonance frequency about the monotonous multiplex antenna concerning a 1st embodiment of this 
invention, and (b) are the figures showing the simulation result of the electromagnetic field of the 2nd 
resonance frequency. 

LP rawing 3jlt is a figure showing the relation of proportion c/d of a monotonous multiplex antenna and 
the fractional bandwidth concerning a 1st embodiment of this invention. 

IXlQl^CiLiiliLJjI't is a figure showing the relation of proportion h/i of a monotonous multiplex antenna and 
the fractional bandwidth concerning a 1st embodiment of this invention. 

LQx^.^OukliL.Sil't is a figure showing the relation of proportion j/k of a monotonous multiplex antenna and 
the fractional bandwidth concerning a 1st embodiment of this invention. 

[D rawing 8jlt is a figure showing the relation of proportion e/(e+f) of a monotonous multiplex antenna 
and the gain concerning a 1st embodiment of this invention. 

i^L§i0^lU3£.iiIt is a figure showing the relation of VSWR (voltage low **** ratio) of a monotonous 
multiplex antenna and frequency concerning a 1st embodiment of this invention. 
tPrawing 8j(a) and (b) are the figures showing the modification of the electric supply line of the 
monotonous multiplex antenna concerning a 1st embodiment of this invention. 

lliQl^CiLkliLMAbout the monotonous multiplex antenna concerning a 2nd embodiment of this invention, 
(a) is a top view and (b) is a perspective view. 

[P rawing 10Ka) shows the simulation result of the electromagnetic field of the 1st resonance 
frequency about the monotonous multiplex antenna of a 2nd embodiment of this invention, and (b) is a 
figure showing the simulation result of the electromagnetic field of the 2nd resonance frequency. 
[Dravv^ing,JJ,,iAs for a front view and (b), a sectional view and (c) of (a) are back views about the cellular 
phone as a personal digital assistant concerning a 3rd embodiment of this invention. 
[Drayy^ing,,! 2jlt is a figure showing the conventional antenna. 
[Explanations of letters or numerals] 

1 Monotonous multiplex antenna 

2 Slit 
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2a U character-like slit part 
The 2g-| 1st slit part 

The 2nd slit part 

The 2^3 3rd slit part 

2b An open slit part 

3 Radiation conductor 

4a and 4b Electric supply line 

5 Conductor plate 

6 Supporter 

7 Electromagnetic field 

10 Cellular phone 

1 1 Printed circuit board 

12 Liquid crystal display 

13 Keyboard 

14A, 14B, and 14C Circuit element 
15A and 15B Shield cover 

16 Battery 

17 Case 

1 8 Battery cover 
50 Antenna 

51a J character-like slit part 
51b An open slit part 

52 Radiation conductor 

53 Dielectric 

54a and 54b Electric supply line 



[Translation done.] 
* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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